The paper studies the dynamic stochastic general equilibrium model for Kazakhstan based on the MedinaSoto model.
Introduction
Macroeconomic indicators volatility minimization is an important sphere of the government economic policy. The several papers (for example [1] , [2] , [3] , [4] , [5] ) consider the problems of suppressing the shocks influences on economic indicators within the framework of dynamic stochastic general equilibrium models (DSGE models) as the corresponding optimization problems. The search for those problems solutions are done from the first order conditions of the considered optimization problems. However, inability to solve variational problems containing phase constraints is a disadvantage of this approach.
The paper studies the DSGE model obtained by elaboration of the Medina-Soto model [6] taking into account the characteristics of Kazakhstan's economy.
We provided the brief description of the DSGE model for Kazakhstan's economy and its log-linear approximation around a steady state. Also, we present the results of the model's parameters estimation based on the statistical data of the Republic of Kazakhstan.
The paper presents formulation and results of solving the problem of parametrical regulation [7] of volatility of macroeconomic indicators based on the evaluated loglinear approximation of the DSGE model for Kazakhstan's economy.
Brief Description of the DSGE Model for Kazakhstan
To describe Kazakhstan's economy the following alterations to the Medina-Soto model were made:
-an agent supplying copper to the foreign market was substituted by an agent supplying oil to the both domestic and foreign markets; -imports of oil was substituted by imports of innovative products; -Taylor rule [8] for determination of interest rate listed in the Medina-Soto model was replaced by the modified Taylor rule, which was obtained based on National Bank of the Republic of Kazakhstan practice [9] , [10] .
The DSGE model for Kazakhstan's economy describes the behavior and interaction in a stochastic environment and adoption of rational expectations principles of the following economic agents: households sector, investments sector, producers sector, oil production sector, goods importers sector, government sector, foreign sector.
Behaviors of the above mentioned agents are decision rules by solving particular intertemporal optimization problems and behavioral rules. Accordingly, the nonlinear DSGE model has been obtained by combining the first order conditions of the optimization problems, behavioral rules and rules of specifying shocks in the form of firstorder autoregressions.
The obtained nonlinear DSGE model for Kazakhstan's economy in the vector form looks as follows:
Here is the sign of conditional mathematical expectation on information available for the moment ( ); is known vector function; is set of parameters, composed of structural parameters of the model and parameters of autoregressions; is vector of endogenous variables and shocks set by first-order autoregressions , ( is given); is vector consisting of Gaussian white noises; is set of parameters consisting of standard deviations of noises .
According to standard methodology [11] for DSGE models a log-linear approximation of the DSGE model (1) was built around its steady state . Steady state was found by solving the vector equation (2) obtained from (1) by omitting of the time indices and equating to zero white noises:
The obtained linear model in vector form is presented in the following way:
Here ̂ ( ; ̂ is given) is column vector consisting of endogenous variables of linear model (including the shocks which given by autoregressions, there ̂ indicates the log-deviation from steady state); are matrices of corresponding dimensions. The different from equations of the model (3) are presented below.
The modified Taylor rule by considering National Bank of the Republic of Kazakhstan practice is written in the following form:
Here variables is interest rate on government debt, is consumer price inflation, is GDP, is real exchange rate, is interest rate shock; parameters is smoothing coefficient, , , , , are weight coefficients of inflation, increment of inflation, GDP, increments of GDP, of real exchange rate, increment of exchange rate in Taylor rule, respectively.
The rule of government spending is written as follows:
Here variables is government spending, is taxes collected, is exchange rate, is government debt, is GDP deflator, is technological progress shock, is foreign interest rate, is foreign debt of the country, is shock to government spending; parameters is steady state ratio of government spending to GDP, is steady state ratio of collected taxes to GDP, is steady state risk premium, is steady state foreign interest rate, is steady state ratio of external government debt to GDP, is steady state foreign inflation, is technological growth rate, is population growth rate, is derived parameter. Budget balance equation of the country is written as follows:
Here variables is oil price, is oil production, is government spending deflator; parameters is government share in oil sector, is steady state ratio of oil revenues to GDP. Balance of payments equation is written as follows:
Here variables is oil exports, is exports deflator, is exports, is imports deflator, is imports; parameters is steady state ratio of foreign debt of the country to GDP, is steady state ratio of oil exports revenue to GDP, is steady state ratio of exports to GDP, is steady state ratio of imports to
GDP. Equation of domestic goods supply is written as follows
Here variables is production of domestic goods, , , are oil, labor, capital used in production of goods, respectively; parameters , are shares of oil and innovative products in production of goods, is elasticity of between oil and the other factors of production, is steady state value of productivity shock, , , are steady state ratios of used oil, innovative goods and composition of capital and labor in production of goods to GDP, respectively. Exports equation is written in the following way:
Here variable is domestic goods utilized abroad; parameter is steady state share of oil exports in total exports. Equation for exports deflator is written in the following way:
Here ̂ is price of domestic goods for the foreign market.
Imports equation is written as follows:
Here parameters is steady state ratio of consumption to imports, is steady state ratio of investments to imports, is steady state ratio of government spending to imports, is steady state ratio of imports of innovative goods to total imports. Equation of imports deflator is written as follows:
Here the variable is shock to the relative price of import goods abroad.
Similarly to the Smets and Wouters model [12] the equation of employment is added to the researched model:
Here variables is employment, is employment increment; parameters is discounting factor, is probability of hiring the not optimal number of employees.
The equation of oil demand was added:
Here variables is consumption of oil by households; parameters is steady state share of oil consumption by households in total oil produced, is steady state share of oil used in production of goods in total oil produced, is steady state value of oil exports in oil produced. The complete list of the remaining equations of the linear model, variables and parameters is presented in [6] .
Parameter Estimation of the Linear DSGE Model for Kazakhstan

3.
The solution of the model (3) was obtained applying Blanchard-Khan algorithm [13] , [14] . This solution is presented in the form of first-order vector autoregression [15] :
Here are matrices of appropriate dimensions; ( ̂ is given). To estimate the parameters ( and ) of the model we applied the Bayesian approach, presented in [16] , where the vector of observed variables ̂ was composed from particular coordinates of the vector ̂ . For this purpose the vector measurement equation was added to the model (15):
Here is matrix, in which every line contains one 1 and all other elements are equal to 0.
Log-deviations (in %) of macroeconomic indicators (consumption, government spending, GDP, imports, investments, employment, oil prices, inflation, refinancing rate, real exchange rate, government debt, foreign debt of a country) from their trends were taken as results of measurement of observed variables. The trends of economic indicators values were calculated using the HPfilter [17] . The statistical data of Kazakhstan's economy from 1 st quarter of 2002 till 3 rd quarter of 2011 [18], adjusted from seasonal components using the algorithm X-12-ARIMA [19] , were used for estimation.
We used type and probable characteristics of a prior density ( ) of parameter distribution from [6] at application of the Bayesian approach.
In accordance with the methodology of the Bayesian approach, applying the likelihood function derived based on the model (15), (16) using the Kalman filter and priori density of the parameters posterior joint density of the unknown parameter estimates ( ) was found. Then the sample of 1 000 000 parameters was generated for density ( ) via Metropolis-Hastings algorithm. Finally the appropriate sample means were taken as the unknown parameter estimates.
The quality of the method used to find the parameter estimates was tested by retroforecasting. 
Parametrical Regulation of Macroeconomic Indicators Volatility Based on the DSGE Model for Kazakhstan
We selected the adaptive terms ̂ ̂ in expressions (4), (5) which unknown values were searched as deterministic values instead of corresponding shocks in order to realize the government policy in the sphere of minimization of shocks influences on volatility of economic indicators based on the estimated linear model (15) . Formulation of parametrical regulation problem has the following view. At each point of time ( is number of a quarter, corresponding to the beginning and is duration of applying of parametrical regulation) and at known value of the variable ̂ (the state of economy at t point of time) deterministic values of terms ̂ ̂ ̂ ̂ are calculated consequentially from a solution to the following optimization problem:
under the following constraints ( )
Here ̂ ̂ ̂ ̂ is variables of a linear model (i.e. log-deviations of economic indicators from their steady state states, in %) corresponding to inflation, GDP, interest rate and government spending, respectively; 0.2, = 0.01, = 0.01 are weight coefficients of the objective function of the government; is discounting factors.
The given optimization problem is reduced to a standard (deterministic) form of the quadratic programming problem [20] which was solved using the software package MATLAB.
Checking the performance of this government economic policy based on DSGE model of the Kazakhstan's economy and parameter estimation theory was made for two cases: the future and the past about 10 years of the time intervals as follows.
In the first case on the horizon of forecasting from the 
Conclusion
The main results of the paper are following: 1. DSGE model was developed based Medina-Soto model taking into account the characteristics of the economy of Kazakhstan; 2. Based on the statistical data of Kazakhstan's economy we estimated the parameters of log-linear approximation of the DSGE model for Kazakhstan; 3. Based on the estimated linear model of Kazakhstan's economy the problem of minimization of macroeconomic indicators volatility was formulated and proved.
The obtained results can be applied at developing and implementing effective government policy on reduction of shock effects. 
